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ABSTRACT
The marsh clam, Rangia cuneata has been shown in other
laboratories to maintain body fluid osmolality above that of
the medium in salinities below 10 o/oo.

Since the membrane-

bound enzyme Na++K+-ATPase has been implicated in the osmoregulatory processes in many aquatic organisms, the levels of
Na++K+-ATPase activity and

3
H-ouabain binding in homogenized

tissue samples from mantle, gill, rectum, ventricle, kidney,
and foot (including epithelial and muscle tissue) were measured.
Mantle, kidney, and gill contained substantial concentrations
3
. .
. bin d"ing sites.
.
- TPase activity
an d H-ouab ain
o f Na++K+A

Mantle

contained nearly twice the Na++K+-ATPase activity of kidney
and more than three times that of gill.
the highest number of binding sites.

Mantle also contained

Turnover numbers calcu-

lated for each tissue indicated that mantle pump sites have
higher catalytic activity than gill or kidney.

Transfer of clams

from 10 o/oo to lower salinities resulted in significant increases
in Na++K+-ATPase activity in mantle but not in gill.
no parallel increases in ouabain binding.

There were

In clams transferred

from 3 o/oo to 0 o/oo, there were no significant changes in mantle
Na++K+-ATPase activity until 6 hrs after transfer.

Within 12

hrs after transfer, Na++K+-ATPase had increased to equilibrium
levels.

Kinetic studies indicated that the method of activation

does not involve a modification of the affinity of the enzyme
for K+ .

ii
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INTRODUCTION
Bivalve molluscs have been placed into five categories based
..

on the relationship of their internal and external osmotic pressures and salinity tolerances (Gainey and Greenberg, '77).

The

marine euryhaline bivalves tolerate large changes in salinity,
and the majority of these forms have body fluids that conform osmotically to the external environment (Robertson, '64).

Marine

euryhaline bivalves tolerate large salinity changes because of a
mechanism that adjusts the level of intracellular solutes, particularly amino acids, thereby regulating cell volume (Schoffeniels
and Gilles, '72).
Until recently, no marine euryhaline bivalves were known to
osmoregulate.

The euryhaline marsh clam, Rangia cuneata (Grey),

family Mactridae, is one of the few bivalve molluscs capable of
significant hyperosmotic regulation.

In animals acclimated to

salinities below 10 o/oo (parts per thousand), the body fluids
are substantially hyperosmotic to the external medium (Bedford and
Anderson, '72).

The possibility that the hyperosmotic condition

of the blood is due to a Gibbs-Donnan equilibrium was discounted
by Fhyn ('76) on the basis of low protein concentrations in the
pericardial fluid from R. cuneata.
Few studies exist on the mechanism of hyperosmotic regulation
in euryhaline bivalves.

Among other aquatic animals, hyperosmotic

regulators typically maintain high Na

+

and Cl

-

concentrations

by active uptake of the ions from the external medium across

2

an epithelium exposed to the medium on one side and bathed
in blood on the other (Prosser, '73).
reported that Na+ and Cl

Recently it has been

are the main inorganic osmotically

active particles in blood from R. cuneata acclimated to a salinity
.
. 18 mM h.ig h er t h an t h e
Bl oo d Na + concentration
is

o f 1 o I oo.

Na+ concentration of the medium at this salinity (Henry and Mangum,

'78).

+

It may be that the Na

and Cl

are actively absorbed into

the clams from the medium.
The membrane-bound enzyme Na++K+-activated adenosine triphosphatase (Na++K+-ATPase), the enzymatic equivalent of the "Na+ pump",
is involved in Na

+

+

and K

transport.

Tissues from aquatic organ-

isms that have high Na+ transport activity also have high Na++K+ATPase activity (Maetz,

'74).

The objectives of this study were to ascertain the extent to
which the Na++K+-ATPase is related to the process of osmoregulation
in R. cuneata, and to determine which tissues might be important
in functioning as ionic regulatory organs.
and

3

The specific activity

+ +

.

H-ouabain binding of Na +K -ATPase were measured in various

tissues of R. cuneata.

The cardiac glycoside ouabain is a specific

inhibitor of the Na++K+-ATPase, which binds to a specific site
on t h e enzyme mo 1 ecu 1 e.

3
.
By measuring
t h e amount o f
H-oua b"
ain

+ +

bound to a preparation, one can estimate the number of Na +K ATPase molecules in that preparation.
were prepared

fro~

Homogenized tissue samples

mantle, gill, kidney, foot (including epitheli-

al and muscle tissue), ventricle, and rectum.

Each of these organs

was considered as a possible site for sodium pumping.

Mantle and

3

gill are good candidates because of their location relative to
the medium and because of their large surface areas.

Dietz ('78)

suggested that rectum may be a possible route of ion uptake based
on drinking rates in bivalves.

Kidney was selected because it

has been implicated in Na+ reabsorption in aquatic gastropod
molluscs (Little, '65).

There is some evidence that the ventricle

is important in ion adjustment with respect to urine production
(Chaisemartin, '68).

Foot was chosen because of its close proximity

to the external medium.
In aquatic organisms which regulate blood sodium, one often
finds salinity-related differences in Na++K+-ATPase activity in
appropriate tissues (Maetz, '74).

The next step of this study was

to determine whether or not the Na ++K+-ATPase may be important in
ionic regulation in R. cuneata acclimated to various salinities.
The kinetics of ouabain inhibition were also determined at high
and low salinities.

Preliminary reports of these results have

already appeared (Saintsing and Towle, '78a,b).
MATERIALS AND METHODS
Rangia cuneata were collected with clam rakes from the James
River at College Creek, near Williamsburg, Virginia.

Surface

salinity at the time of collection ranged from 1-5 o/oo.

The clams

were transported to the laboratory in river water and allowed to
adjust to the temperature of the environmental chamber for at
least 24 hrs.

The clams were then transferred to aquaria con-

taining dechlorinated tapwater adjusted to 3 or 5 o/oo salinity
with Instant Ocean Salts.

Salinity was periodically checked using
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a glass hydrometer.

The aquaria were kept in an environmental

chamber with a constant temperature of 16
dark cycle.
charcoal.

0

C and a 12 hr light-

The water was constantly aerated and filtered over
For the study of salinity related enzyme changes the

clams were transferred to aquaria adjusted to 0, 3, 5, and 10
o/oo and allowed to acclimate for at least one week before experimentation.
Preparation of homogenate and microsomes
On the day of an experiment, clams were removed from the aquaria one at a time and the tissues of choice were immediately dissected out and placed into ice-cold homogenizing medium (0.25 M
sucrose, 6 mM disodium ethylene diaminetetraacetic acid, 20 mM
imidazole-HCl, pH 6.8).

A total of 4 to 10 animals were used for

each preparation, depending on the size of the individuals.
proximately 0.5 gm of tissue was needed per preparation.

Ap-

The tis-

sues were blotted dry and placed in a Teflon-glass Potter-Elvehjem
apparatus with 20 volumes of fresh homogenizing medium containing 0.1% (w/v) sodium deoxycholate added as a powder (Hendler et
al., '72).

The tissue was homogenized using 18 complete strokes

at 1725 rev/min.

The homogenate was filtered through two single

thicknesses of cheesecloth into ice-cold test tubes.

The homog-

enate was kept on ice and used for assay the same day, or was used
in the preparation of microsomes for kinetic studies.
To prepare microsomes, the homogenate was centrifuged at
10,800 x _g_max for 35 min at 2° C.
the pellet was discarded.

The supernatant was removed and

The supernatant was placed in clean ice-
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cold centrifuge tubes and recentrifuged at 105,000 x _g_max for 60
min at 2° C.

The resulting pellet was resuspended in a volume (ml)

of fresh homogenizing medium equal to five times the original tissue weight (gm) with gentle hand homogenizing (five strokes) in a
Teflon-glass apparatus.

The microsomes were stored on ice and

used for assay the same day.

+ +

Assay for Na +K -ATPase specific activity
Na++K+-ATPase specific activity in the tissue homogenates or
microsomes was measured by a method modified from Schwartz et al.
('69) as follows.

The assay medium consisted of 20 mM imidazole-

HCl (pH 7.2), 100 mM NaCl, 10 mM KCl, 5 mM MgC1 , 5 mM ATP, 0.1
2

m}1

reduced nicotinamide adeninedinucleotide, 2.5 m11 phosphoenolpyruvate and a mixture of pyruvate kinase and lactate dehydrogenase
(Sigma 40-7, 20 µl per assay) in a volume of 1.9 ml.

Final volume

was made up to 2.0 ml by the addition of 0.1 ml of either water or
a 20 mM ouabain solution.

Duplicate tubes containing assay medium

plus water were briefly vortexed and incubated at 25° C for approximately five min.

Up to 0.05 ml of homogenate or microsomes were

added to the tube to be assayed.

The tube was gently vortexed and

the air bubbles were allowed to dissipate.

The decrease in absorb-

ance at 340 nm was recorded for at least five min in a temperature
jacketed cell (25° C) of a recording spectrophotometer equipped
with a vacuum sipper.

The sipper system was washed with a 40%

Chlorox solution after 20 assays.

Samples of homogenate or micro-

sames were added to duplicate tubes containing assay medium plus
ouabain and the absorbance change was again measured at 340 nm

6

for five min.

Na++K+-ATPase specific activity was taken to be

the difference between total activity and the activity in the
presence of ouabain.

Data are expressed as nmoles of inorganic

phosphate (P.) released from ATP per minute per mg protein.
1

3
Assay for H-ouabain binding
Ouabain binding to the tissue homogenates was measured essentially as described by Towle et al. ('77).

Appropriate quanti-

ties (up to 0.3 ml) of homogenate were incubated in a solution
containing 20 mM imidazole-HCl (pH 7.4), 1

tn.c~

ethylene diamine-

tetraacetic acid, 100 mM NaCl, 5 mM MgC1 , 2 mM ATP, and 0.3 mM
2
3H-ouabain (1.44-1.62 ci/mmole) in a final volume of 2 ml. The
tubes were incubated for 30 min at 25
an ice bath.

0

C and then plunged into

The samples were then centrifuged at 150,000 x _g_max

for 30 min at 2° C.

The resulting pellet was resuspended in 2 ml

of ice cold 20 mM imidazole-HCl (pH 7.4) using gentle homogenization (five strokes by hand) in a Teflon-glass apparatus.

The tubes

were then recentrifuged at 150,000 x _g_max for 30 min at 2° C.
Each pellet was digested in 0.2 ml of 1 N NaOH for 30 min at 60°
C.

Glacial acetic acid (0.01 ml) was added and the mixture was

transferred to a scintillation vial with two 0.4 ml aliquots of
distilled H 0.
2

Ten ml of Aquasol were added and radioactivity

in each vial was measured in a liquid scintillation counter.

Non-

specific binding was measured in the same assay medium containing
1 mM unlabeled ouabain.

Protein was measured in all experiments using a coomassie
blue binding assay (Bradford, '76; Bio-Rad Laboratories) with
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bovine serum albumin as a standard.

A paired t-test was used

to test for significant differences between means.

Differences

were taken to be significant if p<0.05.

RESULTS
Mantle, kidney, and gill homogenates contained substantial
levels of Na++K+-ATPase specific activity (table 1).

Foot homo-

genates had negligible levels of the enzyme; rectum and ventricle
had none at all.

Measurements of ouabain binding sites indicated

that the greatest numbers of Na++K+-ATPase molecules were in mantle,
gill, and kidney (table 1).

The amount of

3
H-ouabain bound to foot,

rectum, and ventricle was small.
Mantle contained nearly twice the Na++K+-ATPase specific activity of kidney (p<0.025) and more than three times the activity of
gill (p<0.005).

Mantle also contained the highest number of 3H-

ouabain binding sites.

The mean value was not significantly dif-

ferent from that of kidney.
(p<0.05) higher number of

Mantle did contain a significantly

3
n-ouabain binding sites than gill.

Turnover numbers were calculated for mantle, kidJ'!ey·, gill, and
foot (table 1).

The turnover number is a representation of the rate

of catalysis of an enzyme system.

The Na++K+-ATPase in kidney, gill,

and foot homogenates exhibited a narrow range of values (1285-1446).
The turnover number for mantle homogenate, however, was significantly
higher than that of the other three tissues (p<0.05).

A plot of

Na++K+-ATPase specific activity vs 3H-ouabain bound (fig 1) illustrates the relationship.

Ventricle and rectum had no detectable

Na++K+-ATPase specific activity, therefore, the small amounts of

8

ouabain binding detected may represent inactive pump sites.
data were not included in preparing the line shown in fig 1.

These
Foot,

gill, and kidney showed a linear relationship between specific activity and

3

H-ouabain bound.

It is clear that mantle homogenates had

nearly twice the amount of specific activity (p<0.025) of kidney
homogenates for virtually the same amount of

3
H-ouabain binding.

Na++K+-ATPase specific activity and 3H-ouabain binding were
determined in mantle and gill homogenates from clams acclimated
for 7-8 days in 0, 3, 5, and 10 o/oo salinity.

In gill homogenates

there were no salinity related differences in the concentration of
3
H-ouabain binding sites (table 2, fig 2).

There was also no clear

trend in the gill Na++K+-ATPase specific activity (table 2, fig 3),
although gill specific activity at 5 o/oo was significantly less
than that at 0 o/oo (p<0.05) and 3 o/oo (p<0.025).
Although no significant differences were found in the amount of
3
H-ouabain binding in mantle homogenates from clams acclimated to the
different salinities, differences in Na++K+-ATPase specific activity
were significant and showed a salinity related increase in low salinities (table 2, figs 2 and 3).

Enzyme activity in mantle at 0 o/oo

was greater than that at 3 and 10 o/oo (p<0.05).

+ +

Na +K -ATPase

activity at 5 o/oo was significantly higher than that at 10 o/oo
(p<0.01).
A preliminary study done in collaboration with C. Mangum (College
of William and Mary) indicated that mantle Na++K+-ATPase sites may
be localized in one anatomically distinct area of the mantle.

The

mantle in R. cuneata consists of a stippled vascular area adjacent

9

to the dorsal edge of the visceral mass, a central skirt region,
and an outer skirt region distal to the pallial line.

Although

there is insufficient data for statistical testing, Na++K+-ATPase
activity of these three mantle regions from clams acclimated to
5 o/oo showed the greatest concentration of pump activity to be
located in the central skirt (28.4 nmoles P./min/mg protein).
i

Lower

concentrations were found in the vascular area and the outer skirt
(19.4 and 10.6 nmoles P./min/mg protein, respectively).
i

A study of the time course of the changes in Na++K+-ATPase
specific activity in mantle homogenates (using only the vascular and
central skirt regions) indicated that the observed changes occurred
rapidly (fig 4).

In mantle homogenates from clams transferred

from 3 o/oo to 0 o/oo, there were no significant changes in specific
activity for six hrs following transfer.

Activity was approximately

double the control value between 12 and 24 hrs following transfer,
(p<0.05).

An apparent equilibrium was reached by 12 hrs following

transfer.
In order to accurately determine the number of

3
H-ouabain

binding sites in a preparation, the sample must be incubated with
saturating levels of the inhibitor.

To determine if we were using

.
1 eve 1 s o f 3H-oua b a1n
. in
. our experiments,
.
. or d er to
saturating
an d in

describe some kinetic factors about the enzyme, ouabain binding kinetics were determined using mantle homogenates from R. cuneata
acclimated to 3 o/oo salinity (fig 5).

A Michaelis-Menten type

plot of the data revealed the Kd (the concentration of
at which 50% maximal binding occurs) to be 0.15 µM.

3
.
H-ouabain-

In experiments
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to determine the number of binding sites, we used final concentrations of 0.3 µM

3
n-ouabain, nearly saturating levels for

this system.
A study of ouabain inhibition kinetics using mantle rnicrosomes
from clams acclimated to 3 o/oo and 10 o/oo indicated that no salinity related changes occurred in the ouabain binding site.

The K.

1

(concentration of ouabain at which 50% maximal inhibition occurs) is
a measure of the affinity of the enzyme for the inhibitor ouabain.
In 3 o/oo the K. was calculated to be 5 µM (fig 6).
1

The K. for
1

mantle microsomes from 10 o/oo was calculated to be 3 µM (fig 7).
DISCUSSION
Mantle, gill, and kidney homogenates were found to contain high
enough levels of Na++K+-ATPase specific activity and 3H-ouabain
binding to be considered likely osmoregulatory organs.

+ +

Na +K -ATPase activity and

The high

3
H-ouabain binding observed in kidney may

be associated with the retention of Na+ ions in the process of
urine production.

The kidney of the freshwater gastropod, Viviparus

viviparus, appears to reabsorb Na+ from the urine (Little, '65).
Whether the kidney of R. cuneata performs a similar function has
not been demonstrated.

The kidney probably does not participate in

direct absorption of ions from the medium because of anatomical
limitations.

+ +

On the basis of the Na +K -ATPase and

3

H-ouabain binding data

as well as morphological considerations, the gill-mantle complex
appears to be the primary site of transepithelial monovalent cation
transport.

+ +

Mantle homogenates had a higher concentration of Na +K -

11

ATPase molecules than gill, and as each pump site appeared to be
more active than in gill, the mantle Na++K+-ATPase probably provides
for the major share of Na+ absorption in R. cuneata.

These data are

supported by ouabain sensitive oxygen uptake studies of Henry and
Mangum ('78).

Oxygen uptake by!_. cuneata mantle could be decreased

approximately 20% by 10-

3

M ouabain; indicating that this portion of

the energy budget in mantle supplied ATP for the Na++K+-ATPase
system.

No significant depression of oxygen uptake in gill from R.

cuneata was produced by ouabain.

The same concentration of ouabain

in the medium depressed blood Na+ concentrations of intact animals
by almost 50% (Mangum et al., '79).

Thus the link between mantle

+ +
+
Na +K -ATPase and Na regulation in R. cuneata has been established.
Further support for the suggestion that mantle is the organ
primarily responsible for active Na+ absorption in R. cuneata arose
from our experiments measuring _Na++K+-ATPase activity and

3
H-ouabain

binding in mantle and gill homogenates from clams acclimated to 0,
3, 5, and 10 o/oo.

Gill Na++K+-ATPase was not increased when clams

were transferred from salinities at which they do not hyperionically
regulate to a salinity at which they do.

Mantle on the other hand

showed large increase~ in Na++K+-ATPase specific activity when
transferred from 10 o/oo salinity to lower salinities.

Activity

increased almost 100% when the clams were transferred from 10 o/oo
to freshwater.

The increase in mantle Na++K+-ATPase activity was

not accompanied by parallel increases in the amount of
binding.

3
H-ouabain

Therefore, the increase in activity was due not to an

increase in the number of pump sites; but to an activation of

12

pre-existing Na++K+-ATPase molecules.

The higher turnover number

+ +

for mantle Na +K -ATPase may indicate that the mantle enzyme is
activated by a tissue specific regulatory mechanism or that the
mantle enzyme is unique in its kinetic properties.

+ +

Although Na +K -

ATPase has been reported in gills of the oyster, Crassostrea
virginica, and the hard clam, Mercenaria mercenaria, (Hedgepeth, '74),
this report represents the first demonstration that the Na++K+-ATPase
of mantle may be involved in the mechanism of osmoregulation in
molluscs.

A preliminary study using stenohaline freshwater clams

and mussels indicated that the gill is more important than mantle
in ionic regulation in freshwater bivalves (T. Dietz, pers. comm.).
.
. mant 1 e Na++
stu
t e time
course o f h
t e c h anges in
+K A
dy o f h
ATPase specific activity is useful in relating the mechanism of
ionic regulation to changes in the habitat.

+ +

Mantle Na +K -ATPase

activity reaches equilibrium in 12 hrs following transfer of R.
cuneata to low salinity.

At least two teleosts, the Japanese eel,

Anguilla japonica, and the American eel,

~·

rostrata, require seven

+ +

days for Na +K -ATPase to reach equilibrium at the higher level
(Kamiya and Utida, '68 and Forrest, '73).

Another teleost, the

killifish, Fundulus heteroclitus, requires only 30 min to reach
equilibrium (Towle et al., '77).

Rangia cuneata is found in a

region of the James River where the average salinity is 5-6 o/oo,
except during the spring runoff when the salinity approaches 0 o/oo
(A. Kwo, pers. comm.).

Tidal fluctuations only occur during dry

summers in this region and generally account for a minimal 1-2 o/oo
change.

The time for adjustment of !:he enzyme activity
takes 12
.. -··-·····
·~·-~- ·~~~---~-·><•---.-- ~·~-k

·~---,
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hrs, and since tidal fluctuations are small and infrequent, this
mechanism may be an adaptation for irregular or seasonal fluctuations
in salinity.
Rangia cuneata is the dominant macrobenthic organism in the
oligohaline region within its range (Henry and Mangum, '78).

The

oligohaline (0.5-5 o/oo) is a region which cannot be inhabited by
strictly marine bivalves because they lack a mechanism of ionic regulation.

Conversely, this region cannot be inhabited by freshwater

forms because they lack the ability to regulate cell volume.

Thus,

Gainey and Greenberg ('77) conclude that R. cuneata may dominate this
region because it has both ionic and volume regulatory mechanisms.
Rangia cuneata apparantly cannot invade freshwater because a salinity
shock of 6 o/oo is necessary to induce spawning and the embryos are
not viable at a salinity of less than 2 o/oo (Gainey and Greenberg,
I

77) •

Ouabain inhibits ammonia excretion in R. cuneata (Mangum et al.,
Since NH + can substitute for K+ as the counter-ion for the
4

'78).

Na++K+-ATPase transport system (Mangum and Towle, '77), the present
data indicate that the mantle may be important in the elimination of
nitrogenous wastes in molluscs, as well as in Na+ regulation.
A study of the ouabain binding and inhibition kinetics in the
Na++K+-ATPase system indicated that the enzyme in R. cuneata resembles the Na++K+-ATPase in vertebrate animals rather than the blue
crab, Callinectes sapidus, an invertebrate.

The K. for Na++K+-ATPase
1

from vertebrates is generally about 2 µM (Dahl and Hokin, '74);
the K. for C. sapidus is 150 µM (Neufeld and Pritchard, '78).
1
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Using mantle microsomes made from R. cuneata acclimated to 3 and
10 o/oo salinity, K. values were calculated to 5 and 3 µM, respec1

tively.

These data indicate that the enzyme in R. cuneata is more

sensitive to ouabain inhibition than C. sapidus.

Recently C. Mangum

has investigated the effects of ouabain on R. cuneata in vivo; R.
cuneata can be exposed to ouabain exogenously for several days with
no mortality (Mangum et al., '79).
to alter normal metabolism in

~·

Since ouabain does not appear

cuneata, the sensitivity of the

Na++K+-ATPase to ouabain may mean that this system will be useful
for in vivo biochemical studies of the general aspects of Na++K+ATPase function and mechanisms.
The observations on ouabain inhibition kinetics are useful in
eliminating a possible mechanism for activating the dormant sites.

+

Ouabain is thought to bind on the enzyme molecule at or near the K
binding site (Skou, '65).

If the pump sites were rendered inactive

in high salinity by a steric modification of the enzyme molecule,
then the affinity of the enzyme for ouabain might be altered.

+

The

+

K. values for R. cuneata mantle Na +K -ATPase at 3 and 10 o/oo sal1

-

inity were virtually identical.

Therefore the activation of the

pump sites probably does not involve a conformational change at the
K+ binding site on the enzyme molecule.
ATPase regulation is unanswered.

The question of Na++K+-

The current thrust of research

involves the interactions between lipids and the enzyme molecule
within the plasma membrane.

+ +

The precise role of the Na +K -ATPase system in transepithelial
iqnic regulation has yet to be demonstrated.

This report, in con-
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juction with the observations of C. Mangum and her co-workers,
confirms the hypothesis that blood Na

+ levels are regulated by

the Na++K+-ATPase in the mantle of R. cuneata.
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TABLE 1
Na++K+-ATPase specific activity, 3H-ouabain bound, and turnover number of tissue homogenates prepared from Rangia cuneata acclimated to
5 o/oo. Number of experiments is given in parantheses. Each experiment represents duplicate determinations on tissues pooled from 4-10
animals.
Na++K+-ATPase Activity
(nmoles P./min/mg
1
protein ± S.E.)

1

3
H-Ouabain Bound
(pmoles/mg protein
± S.E.)

Turnover Number
(moles ATP hydrolized/min/mole
ouabain bound)

3

Mantle

17.4±0.3(4)

Kidney

9.4±0.4(3)

Gill

5. 6±1. 6 (3)

4.1±0.4(4)

1,367

Foot

1. 3±0.1 (4)

1.0±0.1(4)

1,285

Rectum

0

1.2±0.3(3)

Ventricle

0

0.1±0.4(2)

1s · · f ·
igni icant 1 y
2
significantly
3significantly
4 Significantly

higher
higher
higher
higher

2

than
than
than
than

6 .8±1. 9 (4)
6.5±0.1(3)

3

1,446

kidney (p<O. 025) and gill (p<0.005).
gill (p<0.025).
gill (p<O. 05).
gill and kidney (p<0.05).

TABLE 2
Na++K+-ATPase specific activity and 3H-ouabain bound of tissue homogenates prepared from Rangia cuneata
acclimated to 5 o/oo and then transferred to 0, 3, or 10 o/oo and allowed to acclimate f~r one week prior
to the experiment. Number of experiments is given in parentheses. Each experiment represents duplicate
determinations on tissues pooled from 4 to 10 animals.
Na++K+-ATPase Specific Activity
(nmoles P./min/mg protein± S.E.)
J..

Gill

Mantle

0 o/oo

7. 56±1. 1 (3)

20.34±1.2(3)

3 o/oo

9.58±2.1(3)

16.20±2.5(3)

5 o/oo

1 2
5.60±1.6(4) '

17.40±2.8(4)

10 0/00

10.08±1.6(3)

3

4

11. 70±1. 2 ( 3)

~Significantly less than gill at 0 o/oo (p<0.05).
significantly less than gill at 3 o/oo (p<0.025).
3significantly greater than mantle at 3 and 10 o/oo (p<0.05).
4 Significantly greater than mantle at 10 o/oo (p<0.01).

3H-Ouabain Bound
(pmoles/mg protein± S.E.)
Gill

Mantle

4.2±0.5(3)

7.1±1.0(3)

3.9±0.8(3)

6.4±1.3(3)

4.1±0.4(4)

6. 8±1. 9 (4)

5.2±0.4(3)

6. 2±1. 0 (3)

~1

. 1.
Fig

3
. b oun d in
.
. activity
. .
Na++K+ - ATP ase speci. f ic
vs H-ouab ain
homogenates from Rangia cuneata acclimated to 5 o/oo
salinity.
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Fig 2.

3
H-ouabain binding in homogenates of gill (triangles)
and mantle (circles) from Rangia cuneata acclimated
for 7-8 days to 0, 3, 5, or 10 o/oo salinity.

Mean ±

S.E. of three experiments, each done in duplicate
from 4-10 animals.
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Fig 3.

Na++K+-ATPase specific activity in homogenates of gill
(triangles) and mantle (circles) from Rangia cuneata
acclimated for 7-8 days to 0, 3, 5, or 10 o/oo salinity.
Means ± S.E. of three experiments each done in duplicate
on tissues from 4-10 animals.
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Fig 4.

Change in mantle homogenate Na++K+-ATPase specific
activity following abrupt transfer of Rangia cuneata
from 3 o/oo to 0 o/oo salinity.
determinations.

Mean ± S.E. of four
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Fig 5.

Michaelis-Menten plot of

3

H-ouabain binding kinetics of

mantle homogenates from Rangia cuneata acclimated to 3 o/oo
salinity.

Kd is calculated to be 0.15 µM.
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Fig 6.

Ouabain inhibition kinetics of mantle microsomes from
Rangia cuneata acclimated to 3 o/oo salinity.

Data are

+ +

represented as Na +K -ATPase remaining when incubated
with the various concentrations of ouabain.
calculated to be 5 µM.
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Ouabain inhibition kinetics of mantle microsomes from
Rangia cuneata acclimated to 10 o/oo salinity.

Data are

represented as Na++K+-ATPase remaining whe.n incubated
with the various concentrations of ouabain., K. was
1

calculated to be 3 µM.

27

.---~~~~~~~~~~~~~~~-A~~--.8
C'l

c::>

~

,,......
~
::>
...._,,
~

0
......

~

c::>
c::>
r-i

~
UJ
~

8

~

......

~

~

a

L__od=::::::::::::r===~~L__J__jc::>
c::>

(9W/NIW/ 1d S310WN) 8NINIVW3(J AllAilJ~ 3SVdl~-

)!+

T

VN

+

28

VITA

David Goodwin Saintsing was born on May 28, 1954, in Richmond
Virginia.

He attended Public Schools in Chesterfield County,

Virginia and graduated from Meadowbrook High School in June, 1972.
He attended Randolph-Macon College in Ashland, Virginia and received the Bachelor of Science degree with a major in biology in
May, 1976.

He completed the requirements for the Master of Science

degree in biology at the University of Richmond in May 1979.

He

was a member of Beta Beta Beta at Randolph-Macon and the University
of Richmond.

While at the University of Richmond, he became a

member of the American Society of Zoologists and was elected an
associate member of Sigma Xi.
to Debora Grace Love.

In December, 1978, he was married

He plans to attend Louisiana State Uni-

versity to begin study for the Doctor of Philosophy degree.

